To investigate the prevalence, awareness, treatment, control of hypertension and their associated factors in southern China. A cross-sectional survey was conducted in 5 cities of urban areas and 5 counties of rural areas in Southern China in 2013, a stratified multistage random sampling method was used to select a representative sample. Recruitment included a total of 19254 participants aged 15 or older. Socio-demographic profiles, examinations were administrated on each subject. Multilevel logistic regression models were used to identify the risk factors of hypertension, awareness, treatment, and control. Overall, the prevalence of hypertension and pre-hypertension are 24.59% and 32.11%, respectively in southern China. Among all the hypertensive patients, 67.43% were aware of their condition, 55.76% took anti-hypertension medication recent two weeks, and 30.79% had their blood pressure controlled. Compared with male, female hypertensive patients had higher rates of hypertension awareness, treatment and control. Age, gender, marital status, living areas, education, BMI, waist circumference, visceral adipose index (VAI), high body fat percentage (BFP) and family hypertension history correlated with the prevalence of hypertension. SBP/DBP increased with VAI and BFP increasing. There is an increasing prevalence of hypertension and high pre-hypertension in the general population in southern China, but levels of awareness, treatment, and control remain relatively low, especially for young and middle-aged population. Innovative strategies including of adopting appropriate anti-hypertensive medication therapy and healthy lifestyles should be taken.
Introduction
Cardiovascular disease (CVD) is one of the leading causes of death and burden worldwide, hypertension has ranked first as a modifiable risk factor of CVD in China [1] . According to the 2002 National Nutrition and Health Survey (NNHS), the prevalence of hypertension in China among adults 18 years or more was 18.8%, the awareness, treatment and control of hypertension were only 30%, 25% and 6%, respectively [2] .
Zhejiang province located in Southern China has a population of approximately 55 million in 2013. The result from NNHS in 2002 showed that the prevalence of hypertension among adults 18 years or more in Zhejiang province was 19.8%, the rates of awareness, treatment and control among hypertensive were 37.13%, 29.61% and 10.15%, respectively [2, 3] . As one of the most rapidly developing provinces, dramatic social and economic changes, including rapid urbanization has occurred in Zhejiang over the past 2 decades. Since the survey in 2002, there were no large-scale surveys on hypertension in Zhejiang province, we hope to ascertain the current status of hypertension in this area [1, 4] .
Methods

Ethics statement
Ethics approval was obtained from the Zhejiang Hospital Ethics Review Board and the Fuwai Hospital Ethics Review Board both. Written informed consent was obtained from each participant. The ethics committee approved this procedure.
Sampling
We used stratified multistage random sampling method to select representative samples. On the basis of administrative data, it was divided into urban areas and rural areas. Using the probability proportional to size (PPS) method, 5 cities in urban areas and 5 counties in rural areas were selected. We chose two districts or two townships within each city and county, and three communities or villages within each district and township respectively using the simple random sampling (SRS) method. Finally, a given number of participants from each of the 14 gender/age strata (male/female and aged 15-24, 25-34, 35-44 , 45-54, 55-64, 65-74, 75) were chosen also using the SRS method according to the national demographic composition, from communities or villages using the lists compiled from the local government registers of households [4] .
As a result of the complex sample, we also considered the design effect when we estimated the sample size. Assuming a design effect of 2.5 and the prevalence of hypertension among population aged 15 years or more of 17.7%, 19000 participants are needed to ensure that the average lengths of the 95% confidence interval (CI) for the prevalence in the entire population and subpopulation defined by age and gender are less than 0.4% and 1.8%, respectively. According to the design, a total of 28000 participants were randomly selected from 10 urban cities and rural counties and invited to participate in the study.
Measurement
Data collection included a questionnaire interview, physical examinations and biochemical examinations. We used the standardized questionnaire developed by the national coordinating center, Fuwai Hospital (Beijing, China), which was administered by trained general practitioners during a face-to-face individual interview. It included demographic information such as age, education and health behaviors such as history of smoking, alcohol consumption, diet and physical activity.
We measured blood pressure (BP) with the OMRON HBP-1300 Professional Portable Blood Pressure Monitor (OMRON, Kyoto, Japan) three times on the right arm supported at heart level after the participant sitting at rest for 5 min, with 30 s between each measurement. The average of the three readings would be used for analysis [5, 6] . Height was measured without shoes using a standard right angle device and a fixed measurement tape (to the nearest 0.5 cm), and waist circumference in a standing position using a cloth tape directly on the participant's skin (to the nearest 0.5 cm). Body weight without heavy clothing, as well as body fat, visceral fat, was measured using an OMRON body fat and weight measurement device (Vbody HBF-371, OMRON, Kyoto, Japan).
Definition
Hypertension is defined as SBP 140 mmHg and/or DBP 90 mmHg, or self-reported treatment of hypertension with antihypertensive medication. Pre-hypertension is defined as 120 mmHg SBP 139 mmHg and/or 80 mmHg DBP 89 mmHg, a BP goal of less than 140/ 90 mmHg for hypertensive is defined as control of hypertension [7, 8] . Awareness of hypertension was defined as self-report of any previous diagnosis of hypertension by a healthcare professional before the study. Treatment of hypertension was defined as self-reported use of a prescription medication for management of hypertension during the previous 2 weeks [7] [8] [9] .
Overweight is defined as body mass index (BMI) 24 kg/m 2 and < 28 kg/m 2 , obesity was defined as BMI 28kg/m 2 [10] . VAI is classified as standard, slightly high and high [11] . Fasting plasma glucose (FPG) is classified as impaired fasting glucose with FBG 6.1 mmol/L and 6.99 mmol/L, diabetes mellitus (DM) as FBG 7.0 mmol/L [10] . Serum triglycerides (TG) is high with TG 2.26 mmol/L, serum total cholesterol (TC) is high with TC 6.22 mmol/L. Low serum high-density lipoprotein cholesterol (HDL-C) are defined as HDL-C < 1.04 mmol/L [10] . Subjects who smoked one cigarette or more per day for over 6 months were defined as smokers, and alcohol drinkers were assessed by asking subjects whether they had consumed more than once every week in the last 12 months. Subjects who consumed more than 6 grams salt per day for over 6 months were defined as excessive salt users [12] . We assessed salt consumption and fruit intake by using a retrospective method of dietary assessment from the food frequency questionnaire designed by Fuwai Hospital (Beijing).
Statistical analysis
The sampling design including stratification, clustering and sampling weights was taken into account in all estimates and analyses using the specific SAS commands. Epidata 3.0 was used for data entry and validation and SAS 9.2 for data management and analysis. Frequencies (percentages) or means and standard deviations were used to summarize the socio-demographic characteristics, physical measurements and hypertension status of participants. Continuous variables and categorical variables were compared by the Student's t-test/variance analysis and Chi-square test, respectively. The trends in prevalence of hypertension associated factors across categories were analyzed using Chi-square test. And the strength of associations of sociodemographic associated factors of hypertension, awareness, treatment and control were assessed by Odds-Ratios (OR) estimated in logistic regression models. Crude associations were first assessed using univariate models, then associations were assessed using multivariate models adjusted for the covariates age, gender, region, education, retired status, marital status, BMI and family history of hypertension. Significance level was set at p<0.05 for all hypothesis tests.
Results
A total of 19254 study participants from 28000 eligible participants completed all of the questionnaires, measurement examinations. The sex ratio was similar between responders and nonresponders (P>0.05). However, nonresponders were significantly younger than the responders, probably because of their work habits (35 ± 16 years vs. 46 ± 19 years; P < 0.05). Table 1 showed the prevalence and distribution of normotension, pre-hypertension and hypertension by demographic and socio-economic status among the adults. The prevalence of hypertension and pre-hypertension were 24.59% and 32.11%, respectively. The prevalence of hypertension increased with age and decreased with education levels. The prevalence of the normotension, the pre-hypertension and hypertension was different among the BMI categories and waist circumference categories (P<0.0001, Table 1 ). The hypertensive had higher BMI, waist circumference, body fat percentage and visceral adipose index, compared with participants having normotension and pre-hypertension (Table 1) .
Prevalence and distribution of hypertension
Figs 1 and 2 showed the SBP/DBP by sex and areas how it changed with increasing visceral adipose index (VAI) and body fat percentage (BFP), respectively. The regression coefficients (RC) and 95% CI of VAI and SBP among men and women were 1.24 (1.17-1.31) and 2.09 (1.99-2.18), respectively, and the linear trend test showed that there was statistical significance (F = 211.05, P<0.0001), meaning VAI maybe had a more important effect on SBP for women, compared with men (Fig 1a) . There were similar results for VAI on DBP (F = 11.42, P = 0.001) between male (RC = 0.69, 95% CI: 0.65-0.74) and female (RC = 0.81, 95% CI: 0.76-0.86) (Fig 1b) . We could also find that VAI might have a more important effect on SBP (F = 10.87, P = 0.001) and DBP (F = 11.95, P = 0.001) for rural areas, compared with urban areas (Fig 1c and 1d) ). Meanwhile, BFP had a more important effect on SBP (F = 193.97, P<0.0001) for female (RC = 1.39, 95% CI: 1.33-1.45), compared with male (RC = 0.85, 95% CI: 0.80-0.90) (Fig 2a) , but there was no statistical difference for BFP on DBP between the two groups (F = 2.03, P = 0.154) (Fig 2c) . And BFP might have a more important effect on SBP (F = 18.5, P<0.0001) and DBP (F = 8.62, P = 0.003) for rural areas, compared with urban areas (Fig 2c and 2d) .
Awareness, treatment and control of hypertension
As showed in Table 2 , of the 4735 hypertensive individuals, 3161 (1540 men and 1651 women) were aware of their condition. The awareness rate of hypertension was 67.43%, there was significant difference between men and women (62.15% vs 73.25%, P<0.0001). Subjects living in rural places, retired, single had lower awareness rates. The treatment rate of hypertension was 55.76%, 2640 hypertensive individuals took prescription medication recent two weeks, women had a higher treatment rate than men (62.17% vs 49.92%, P<0.0001). But only 30.79% had their BP under control among hypertensive. There was no significant association between men and women (29.88% vs 31.80%, P>0.05). The rate of controlled hypertension was decreased with BMI, increased with age and the level of education. Smokers, drinkers, and the groups with family history of hypertension, living in rural places, retired, single, high FBG, TG or TC had lower control rate of hypertension (Table 2 ).
Antihypertensive medications among treated patients
Fig 3 provided a classification of the prescriptions by type antihypertensive medication among the patients with antihypertensive medications therapy. 55.76% patients with hypertension were prescribed an antihypertensive medication, the most prescribed were calcium channel blockers. Urban participants, compared with rural participants, more frequently used a combination of antihypertensive drugs, most were single pill combination treatment (P<0.001, Fig 3) . retired, single, living in rural areas compared with living in urban areas, low level of education, family history of hypertension, alcohol use, overweight, obesity, central obesity, visceral adipose, high body fat percentage and high FPG were associated with hypertension (Table 3) . It showed that among those with hypertension, elderly, female, retired, living in urban, married, level of education, overweight, obesity, central obesity, family history of hypertension, nonsmoking, visceral adipose were associated with hypertension awareness (Table 3) .
In the adjusted model, among those with hypertension, elderly, female, living in urban places, level of education, overweight, obesity, family history of hypertension, nonsmoking, nondrinking, low salt taken, low TG, TC and high visceral adipose index were associated with hypertension treatment (Table 3) . Meanwhile, elderly, female, living in urban areas, high level of education, family history of hypertension, nonsmoking, nondrinking, low TC, low TG and high body fat percentage affecting control of hypertension (Table 3) .
Discussion
Hypertension has been identified as one of the leading risk factors for global burden of disease and the main risk factor for mortality [13] [14] [15] . The prevalence of hypertension among the adult population globally is predicted to increase from 26% in 2000 to 29% by the year of 2025 [16, 17] . According to our survey, the prevalence of hypertension in Zhejiang province is 24.56%, increasing more than 19.5%, compared with the prevalence of 19.8% in 2002 [2] . It is lower than those in northern parts of China and higher than developed countries such as United States [18] [19] [20] . The prevalence of pre-hypertension is 32.11%, with the most prevalent subgroup of 40-49 which is also the most important workforce group that means more than one third of Zhejiang adult population would have hypertension or elevating risk of CVD for the next few years, if we don't take any effective measures [21] [22] [23] . Awareness, treatment and control of hypertension among adults in Zhejiang province in 2013 were 67.43%, 55.76% and 30.79% respectively, all increased significantly compared with 2002. The improvement was likely to be due in part of the national campaign of hypertension prevention and control proposed by government, as well, people have paid more attention to their health condition with the rapid development of China's economy. Although hypertension awareness, treatment and control have markedly improved, there were still gaps compared with those of developed countries [20, 24, 25] . Control of hypertension was unsatisfactory, especially among young and middle-aged population, which remained only 5.85% and 24.87% for 15-39 and 40-49 years old subgroups respectively, and the awareness, treatment were also relative low for them. That might mainly be caused by the neglect and their busy work lifestyle habits including of more stress, with the rapid urbanization in the past few decades in China, which resulted in uncontrolled hypertension. More effective primary prevention measures should be made for the young and middle-aged population, not just for the elderly, to address the rise in hypertension and pre-hypertension. In our survey, those using a combination of antihypertensive drugs including single pill combination treatment had higher control rate compared with those using mono therapy (60.17% vs 52.94%, P<0.0001). More patients used inappropriate antihypertensive medications in rural areas compared with those in urban areas, probablely due to the lack of qualified physicians in these areas.
Gender, age, BMI, high TG, high FPG, living in rural areas, low level of education, and family history of hypertension are traditional associated factors of hypertension [1, 3, [26] [27] [28] , our study provide additional support to these hypothesis. Some reports have shown that excessive alcohol use and tobacco consumption are also important causes of hypertension [3, 29, 30] , our results support for the alcohol hypothesis, but not for the latter one. In our study, visceral adipose and high body fat percentage were showed also associated with hypertension, the SBP and DBP gradually increased with VAI and BFP. Our study also showed that VAI might have a more important effect on SBP/DBP for women, compared with men. BFP might also have more important effect on DBP for women. VAI/BFP might have a more important effect on SBP/DBP for rural areas, compared with urban areas. Some studies showed that overweight, obesity or central obesity was significantly associated with hypertension [2, 3, [31] [32] , our results further confirmed these studies. It is likely that overweight, obesity and central obesity in southern Chinese adults are major contributing factors of hypertension.
Our survey showed hypertension awareness and treatment was higher for female which was observed either in other areas [33] [34] [35] , and the difference maybe because of the developmental and personality factors [3, 36] . The hypertension awareness and treatment increased with age, and patients living in urban places, overweight, obesity, with family history of hypertension and higher VAI had higher awareness and treatment rates.
Control of hypertension was higher for female, and patients living in urban places, having higher level of education, having better lifestyles such as nonsmoking or nondrinking had better control of hypertension, which were similar with some other studies [1, 31, 35] . In our survey, BFP more than 25 for men and 35 for women was associated with uncontrolled hypertension.
Our study had several strengths and limitations. The main strength of this study was the large sample size, coverage, representativeness of the region population, which were selected according to the national demographic by gender and age. Moreover, it provided new information about hypertension in the general adult population of Southern China. Despite these strengths, there were several limitations. First, our study was a cross-sectional survey, which was failed to establish cause-and-effect relationship between the observed associations. Second, some confounding variables including dietary habits and family income were not included.
In conclusion, our results showed an increasing prevalence of hypertension and high prehypertension in the general population in southern China, but levels of awareness, treatment, and control remain relatively low, especially for young and middle-aged population. Faced with the epidemiological transition, we need innovative strategies to control and prevent hypertension, including modifying risk factors such as high weight, inappropriate use of antihypertensive drugs and conducting community-based intervention programs to address this serious problem.
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